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(57) An organic multilayer electroluminescent 
device including an anode and cathode, and including 
therebetween a hole transport layer; and an electron 
transport layer disposed in operative relationship with 
the hole transport layer; wherein the hole transport layer 
includes an organic compound having the fornula: 
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wherein: 



sut>stituents R\ R^, and R^ are each individually 
hydrogea or alkyi of from 1 to 24 carbon atoms; 
aryl or sufc)stituted aryl of from 5 to 20 cartxxi 
atoms; or heteroaryl or substituted heteroaryl of 
from 5 to 24 caft>on atoms; or fluorine, chlorine, 
bromine; or cyano group. 
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Description 

[0001 ] The present invention relates to organic electrolununescent devicea 

[P002I Organic eledrolunwiesoent devices are a dass of opto-electronic deinces where light emission is produced 
5 in response to an electrical current through the device. (For brevity, EL, the common acronym for electroluminescent Is 
sometimes sut)stituted.) The term organic light emitting diode or OLED is also commonly used to describe an organic 
EL device where the cunent-voHage behavior is non-Gnear, meaning that the current through the EL device is depend- 
> ent on the polarity of the voltage applied to the EL devica In this entKXliment the term EL and EL devices will include 
devices descra)ed as OLED. 

10 [0003] Organic EL devices generally have a layered structure with an organic luminescent medium sandwiched 
t>etween an anode and a cathode. The organic luminescent medium usually refers to an organic light emitting material 
or a mixture thereof in the form of a thin amorphous or crystalline f 3m Representatives of earlier organic EL devices are 
disclosed in US-A-3. 172.862; US-A-3.1 73.050; Dresner, "Double Injection Electroluminescence in Anthracene". RCA 
Review. Vol. 30. pp. 322-334. 1969; and US-A-3,710.167. issued. In these prior arts, the organic luminescent medium 

IS was formed of a conjugated organic host material and a conjugated organic activating agent having corxiensed t>en- 
zene rings. Naphthalene, anthracene, phenanthrene. pyrene, benzopyrene. chrysene. picene. cart>azole, f luorene. 
b^enyl. terpheyte. quarterphenyts, triphenytene cxide, dhaiobiphenyl, trans-stilb^iai and 1 .4-diphenylbutadene were 
offered as examples of organic host materials. Anthracene, tetracene. and pentacene were named as examples of acti- 
vating agents. The organic luminescent medium was present as a single layer having a thidaiess much above 1 

20 micrometer. The voltage required to drive the EL devices was as much as a lew hundreds voHs, thus the luminous effi- 
ciency of these EL devices was rather low. 

[0004] In convnonly-assigned US-A-4,356.429, the art of organic EL device was further advanced by disclosing a 
bi-layer EL device configuration. The organic luminescent medium In this bi-layer configuration comprises of two 
extremely thin layers of organic film (<1 .0 micrometer in cofhbined thickness) sandwiched between the anode and cath- 

2S oda The layer adjacent to the anode, termed the hole-transport layer, is specifically chosen to transport predominantly 
holes only in the EL device. Likewise, the layer adjacent to the cathode is specifically chosen to transport predominantly 
electrons only in the EL devica The interface or jimction between the hole-transport layer arKi the electron-transport 
layer is referred to as the electron-hole recombination zone where the electron and hole reoombine to produce electro- 
luminescence with the least interference from the electrodes. This recombinatkxi zone can be extended beyond the 

30 interface re^pon to include portions of the hole-transport layer or the electron-transport layer or both. The extremely thin 
organk; luminescent medium offers reduced electrical resistar>ce, permitting higher cunent densities for a given voltage 
applied on the EL devica Since the EL intensity is directly proportk>nal to the current density through the EL device, this 
thin t>i-layer constructk>n of the organic luminescent medium allows the EL device to be operated with a voltage as low 
as a f^ voHs, in contrast to the eartier EL dances. Thus, the bi-layer organk: EL device has acNeved a high luminous 

3S effteiency internes of EL output per electrkal power input and is thereto^ 
plays and lighting. 

[0005] Commonly-assigned US-A-4,356,429 d^ck)sed an EL dance formed of an organk; luminescent medium 
including a hole transport layer containing 1 000 Angstroms of a porphyrinic compound such as copper phthatocyanine, 
and an electron transport layer of 1 000 Angstroms tetraphenylbutadiene in poly(styrene). The anode was formed of a 
40 conductive indlum-tin-oxkJe (ITO) glass and the cathode was a layer of silver. The EL dence emitted blue light when 
biased at 20 volts at an average current density in the 30 to 40 mA/cm^ range. The brightness of the device was 5 
cdAn^. 

[0006] Further improvements in the t)i-layer organic EL devk;es were taught by commonly-assigned US-A- 
4.539,507. Dramatic improvements were realized in EL lianinous eXIiaenc^ by substituting the porphyrink: compounds 
45 of Tang in the hole-transport layer with an amine compound. With an aromatic tertiary amine such as 1.1-k)is(4-di p- 
tdylaminophenyQcyctoheKane as the hole-transport layer and an electron transport layer of 4.4*-bis(5,7-cG-t-pentyl-2- 
benzoxazolyl)-stilbene. the EL devk;e was capable of emitting blue-green light with a quantum efficiency of about 1.2% 
photon per injected charge when biased at about 20 voHs. 

[0007] The use of aroniatic amines as the material for the hole-transport layer in orgam 
so generally recognized as numerous prior arts have cfisdosed the utility of various classes of amines in enhancing the EL 
devk;e performance. Improvements in the hole-transport material parameters include higher hole transport mobil'rty, 
more anrxMphous structures, higher glass transition temperature, and t>etter electrochemk:al stability. Improvements in 
the organk: EL devk^es with these improved amines include higher luminous effciency. k>nger operatkxial and storage 
life, and a greater thermal toteranca For example, the improved arylamine hole transport materials have been cfisdosed 
ss in commonly-assigned US-A-5.061 ,569. A series of aromatic amines with glass transitkm temperature as high as 165 
*^ designed for high temperature EL devices has been disctosed in convnonly-assigned US-A-5,554.450. A novel ic- 
conjugated starburst molecule 4.4\4**-trfe(3-methylphenylamino) triphenylamine (m-MTDATA), whkrfi forms a stable 
amorphous glass and functions as an excellent hole transport material, was disclosed in US-A-5.374.489. 



2 



EP1009044A2 



[0008] The use of organic oonpounds outside the aromatic amines dass for the hole4ransport layer in organic EL 
devices is not oomnwn. given the well-kncwn hole-transport properties of the aromatic amines. Howvever. there is a sig- 
nificant disadvantage of using aromatic amines as the hole-transport layer in the bi4s^ EL devica Since amines are 
generally strong electron donors, they can interact with the emissive materials used In the electrorvtransport layer, 
resulting in the formation of fluorescence quenching centers arxi a reduction in the EL luminous efficiency. 
[0009] It is an object of the present invention to provide organic conpounds outside the dass of aromatic amines 
as the hole transport layer in organic EL dances, which result in enhanced EL performance. 
[001 0] This object is achieved in an organic multilayer electroluminescent device including an anode and cathode, 
and comprising tfierebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having formula I: 



substituents R\ R^, and R^ are each individually hydrogen, or alkyi of from 1 to 24 cartXMi atoms; aryl or sdb- 
stituted aryl of from 5 to 20 cartxm atoms; or heteroaryf or substituted heteroaryl of from 5 to 24 cartxm atoms; or 
fluorine, chlorine, bromine; or cyano groupi 

[0O11] Representative exarTf)le8 of the hole transport layer rnaterial include: 

a) Anthracene derivatives having formula I: 



substituents R\ R^, R^ and R^ are each individually hydrogen, or alkyt of from 1 to 24 cartx)n atoms; aryl or 
substituted aryl of from 5 to 20 cartxm atoms; or heteroaryl or sut)stituted heteroaryl of from 5 to 24 cartxm 
atoms; or fluorine, chlorine, bromine; or cyano group; 

b) Anthracene derivatives having formulas III, IV, V: 




wherein: 




wherein: 
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ni; 



IS 



20 



25 



30 




IV; or 



35 



40 




wherein: 



50 



substituenls R\ R^^ R^. R*. R^ and R® are each indvidually hydrogen, or alkyi from 1 to 24 caston atonre; 
aryl or substituted aryl of fronn 5 to 20 carbon atoms; or heteroaryl or substi^ 
bon atoms; or fluorine, chkmrie. bromine: or cyano group; and 

c) Anthracene derivatives having formulas VI, Vil VIII. iX. X and XI: 



55 
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substHuents R\ R^. R^. and R^ are each individually hydrogen, or alkyi of from 1 to 24 caitx>n atoms; aryl 
or substituted aryl of from 5 to 20 cartx>n atoms: or heteroaryt or substituted heteroaryl of from 5 to 24 casbon 
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atoms; or fluorine, chlorine, bromine; or cyano group. 

[001 2] Aromatic hydrocaitx>n8 or fused aromatic hydrocartx>ns that are used in the hole transporting layer have the 
feature that they do not need to Include all^lamino- or arylamino- moieties; 
5 [0013] The organic cornpouncfe in aooordance with the present invention have an ioni 
eV. 

[0014] The hole transport layer In accordance with the present invention effectively wori« with the electron trans- 
port layer or an emissive layer or an electron transport layer which also functions as an emissive layer to provide a 
highly efficient electroluminescent devica 

10 

FIG. 1 1llustrates the cross-section of a t)i-layer organic EL device: 

FKa. 2 illustrates ttie cross-section of an EL device with a modified k>i-layer structure; and 

FIG. 3 Blustrates the energy level diagram of an organic EL device with a t)i-layer structure as desaik>ed in FIG. 1 . 

IS [001 5] FIG. 1 1llustrates the basic structure used in the construction of organic EL device of this Invention. It is a Im- 
layer structure comprising an organic hole transport layer 30 and an organic electron transport layer 40. The electron 
transport layer is also the emissive layer from which electroluminescence originates. Together, they form the organic EL 
medium 50. The anode 20 is adjacem to the hole transport layer and the cathode 60 is adjacem to t^^ 
port layer. The substrate is layer 10. This figure is for illustration only and the individual layer thickness is not scaled 

20 according to the actual thickness. 

[001 6] FIG. 2 illustrates an alternative consbiiction of the organic EL device of tfiis invention. It is a nrxxiif led bi-layer 
structura The EL medium contains an emissive layer between the hole transport layer and the electron transport layer. 
This emissive layer is the layer from which electroluminescence originates. Thus, layer 300 is the hole transport layer, 
layer 400 is the emissive layer, layer 500 is the electron transport layer, and together they form the electroluminescent 

25 medium 600. Layer 200 Is the anode and layer 700 is the cathode. The substrate is layer 100. This figure is Ibr illustra- 
tion only arxl the Individual layer thickness is not scaled according to ttie actual ttilckness. 

[0017] FIG. 3 Illustrates ttie energy level diagram of an organic EL device with a bi-layer structure as described in 
FIG. 1. The organic EL medium is represented t>y a hole-transport layer witti a characteristic kiw ionization potential 
energy, and an electron transport layer wHh a relatively higher kmization potential energy The ionization potential 

30 energy or k)nization potential (IP) for a molecular solid is defined as the energy difference between the vacuum level 
and ttie highest occupied molecular ort)ital (HOMO) level of ttie solid. The vacuum level is usually refen-ed to as the ref- 
erence level from which the energy levels of ttie nK>lecular solid are measured. The HOMO is the highest energy level 
filled with an electron and in which ttie tiole is free to mova Similarly, the bwest occupied molecular ort>i1al (LUMO) is 
the kywest energy level devoid of an electron and in which a free electron is free to move. The energy difference 

35 between HOMO and LUMO is ttie bandgap wittiin whk;h ttiere are no available nrK)lecular orbital states. The IP value is 
a measure of the minimum energy required to renxyve an electron from the molecular solid and can be easily okjtained 
experimentally by photoemisskxi techniques which have been well described in the literature. 
[0O18] The bi-layer structure as illustrated in FIG. 1 is designed to confine the electron-hole recombination at ttie 
interface between ttie hole transport layer and the electron transport layer. This confinement is aoconplished by eslab- 

40 lishingeittieranelectroninjectionbarrieroraholelrijectionbarrierorbottiat^^ Referring to ttie hole injection 

txurier, it Is ttie difference between ttie HOMO levels of ttie hole transport and electron transport layers, as indicated by 
the symbol. ^ in FIG. 1. For large 4» values. > 0.5 eV, ttie hole migrating through the hole transport layer towards the 
interfece will be unat)le to overcome the potential energy barrier and will thus t>e trapped at the hole transport layer side 
of ttie Interface. Likewise, ttie electron irijection barrier is ttie difference between the LUMO levels and a large electron 

45 irijection banier lor electron irjection will localize ttie electron at the electron transport layer side of ttie interface. As a 
result of ttiese charge localizations created by a proper choce of ttie hole transport and electron transport materials, 
the electron hole pair wiD tend to recontxne at the interfoce producnig electroluminesoence which is characteristics of 
the interfaca 

[0O19] Conventional hole transport materials used in EL devices are mosUy arylamines because ttieir hole motility 
so is among the highest found in common organic mater»ls. Materials witti a high motility are desirable for current-driven 
devices such as organic EL as the voltage required to operate the devk^e will be kwv. The arylamines are also known to 
have the towest ionization potentials among organic materiala Thus, for creating a hole injection t>am'er fc»etween ttie 
hole transport layer and ttie electron transport layer in a bi-layer EL device, arylamines are appropriate. Highly effk:ient 
EL devk^es have been produced using a variety of arylamines as ttie hole transport layer. 
55 [Q020] A class of arylamines found particularty useful in organic EL devices is represented by fornr^ 
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}i Ur) 



VII 



wherein 



Ar is an arylene group, and arylene nwieties are preferably phenyl arxi phenylene moieties; 

n is an integer of from 1 to 4; arx) 

R^ R^, and are independently selected aryl groups. 

[0021] These arylamines are particularly useM as the hole transport nraterial in EL devices. 



Compound 1 
Compound 2 

Compound 3 
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Compound 4 

IS 



[0022] Although arylamines are usehil as hole transport materials in EL devices, they do have a number of deficien- 
cies. Rrst.asada8scf organic materials, they are relatively strong electron dornrs, mearung theit th^ can be easily 

20 oxidized and therefore are unstable in amibient environnr)ents. Second, when used as a hole transport layer adjacent to 
an electron transport layer in an EL device, the arylamines may interact with the electron transport layer to produce non- 
emissive centers which will result in a loss of electroluminescerK:e. Third, k)ecause of the low ionization potential of the 
arylamines, the hole irijection banner formed between the arylanrine hole transport layer and the electron transport layer 
win cause the holes to locaHze in the arylamines which will also result in a loss of electroluminescenca For these rea- 

2S sons, new hole trar^port materials are useful to further improve the EL device peribrmance. 

[0023] The new hole transport materials in this invention include aromatic hydrocartx)ns or fused aromatic hydro- 

cartx)ns with a molecular structure containing at least 20 casbon atoms; 

[0024] The hole transport layer includes an organic compound having the formula I: 



r3 




wherein: 

40 substituents R\ R^. and R^ are each individually hydrogen, or alkyl of from 1 to 24 carbon atoms; aryl or sut>- 
stHuted aryl of from 5to 20 carbon atoms; or heteroaryl or sitetituted heteroaryl of from 5 to 24 carbon atoms; or 
fluorine, chlorine, fcMomine; or cyano group. 

[0025] Representative examples of the hole transport layer material include: 

4S 

a) Anthracene derivatives of formula I: 
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II 



wherein: 



IS 



substituents R\ R^. and are each individually hydrogen, or alKyl of from 1 to 24 canton atoms; aryl or 
substituted aryl of from 5 to 20 cartxxi atoms; or heteroaryf or substituted heteroaryi of fnxn 5 to 24 carbon 
atoms; or fluorine, chlorine, bromine; or cyano group; 



20 



The foUowing molecular structures constitute specific examples of anthracene derivatives represented by the 
general formula 11. These compounds are particularly usehjl as the hole transport material in EL devices. 
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so 
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Compound 6 



15 



25 



so 
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Compound 7 




Compound 8 
Compound 9 




Compound 10 
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Compound 13 



b) Anthracene derivatives of formula III, IV. V: 
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V 



wherein: 

sub6tituents R\ R^, R^, R^ and R® are each individuairy hydrogen, or alkyi of from 1 to 24 cart)on atoms; 
aryt or substituted aryl of from 5 to 20 carbon atoms; or heteroaryl 
bon atoms; or fluorine, chlorine, bromine; or cyano group; 



The following molecular structures constitute specific examples of anthracene derivatives represented t>y the 
general formula III, IV, and V. These compounds are particularly useful as the hole transport material in EL devices. 




Compound 14 
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Compound 15 




Compound 17 
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Compound 27 
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Compound 28 

20 




Compound 31 

so 
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Compound 32 
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Compound 33 
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Compound 34 



35 



40 



45 




Compound 36 
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Compound 37 
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Compound 38 
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Compound 39 
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Compound 40 
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Compound 41 
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Compound 44 



c) Anthracene derivatives having formulas VI. VII VIII. IX, X and XI: 

R» 
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XI 



wherein: 

substituerrts R\ R^. R^. and are each indhnclually hydrogen, or alkyt of from 1 to 24 carbon atoms; aryi 
or substHuted aryl of from 5 to 20 caitx>n atoms: or heteroaryl or substituted heteroaryl of from 5 to 24 carbon 
atoms; or fluorine, chlorine, txomine; or cyano group. 

[0026] The following molecular structures constitute specific examples of anthracene derivatives represented by 
the general fonnula VI, VII VIII, DC, X and XI. These compounds are particulariy useful as the hole transport material in 
ELdevices. 




Compound 45 




Compound 46 
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Compound 51 
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Compound 53 




Compound 54 




Compound 55 
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Compound S6 




Compound 57 




Compound 58 
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Compound 59 



[0027] Ihe ionizatk)n potentials of some of these aromatk;^ 

ured and their values are compared witfitfiearylantine hole transport materials as fbllovvs. K is noted that the aromatic 
hydrocartXHi hole transport materials generally have a higher ionization potential than the arylamines. 

Aryiamines and aromatic hydrocartx>ns IP (eV) 

[0028] 



Compound 1 
Compound 2 
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[0029] A higher ionization potential for the hole transport material is more liavorat)le for hole injection from the hole 
transport layer to the electron transport lay^ in a bi-layer EL device resulting in a lower hole injection barrier and con- 
sequently a higher EL luminous efficiency. A preferred range for the Ionization potentials is 5.0 eV or higfi^. An alter- 
native criteria Is that it should be as high as the ionization potential of the electron transport material in the bt-layer EL 



[0030] In forming the hole transport layer of the organic EL device, the hole transport materials of this Invention can 
be deposited by a mrrber of methods. The preferred metfKxl is by vacuum vapor deposition as these aromatic hydro- 
caitxm have good thermal st^'lity and can be sublimed into thin f lira Alternately; they can be dissolved in appropriate 
solvenis and be cast into thin fim. Other deposition methods sucli as printing by the inlqet method, thenmal transfer. 

20 laser abrasion and sputtering are useful. 

[0031 ] Tbe t>i-layer EL device is the t>asic structure providing high lunrinous ^ictendes and bw-voHage operation. 
Attemative EL device structures have t>een demonstrated providing irrproved device performanca These alternative 
device structures include features in addition to the basic bi-layer stnjcture such as the following structurei(a) hole irijeo- 
tion layer as dsdosed in US-A-4.356.429; (b) catfiode modification with alkaGne or alkaline halides as disclosed in US- 

25 A-5.776.622; (c) arxxJe mo(£fication with plasma-deposrted f lurocartx>ns, and (d) doped emitter layer inserted t>etween 
the hole transport and electron transport layer as disctosed in US-A-4,769,292. These EL device structures retain the 
hole transport layer as one component of the electroluminescent medium. Therefore, the aromatic fiydrocart)on or 
fused hydrocaitx>n hole trarsport materials disclosed in this invention are applk^ble to these EL device structures as 
weU. 

30 [0032] A preferred EL device structure comprises an aruxie, a hole transport layer, an emissive layer, and an elec- 
tron transport layer. In this preferred EL structure, the emissive layer is capable of transporting electrons as well, thus it 
can be considered as an electron transport layer with the added function of being highly luminescent. The principle 
function is to provide efficient emissive centers for electroluminescence. This emissive layer comprises a host material 
doped with one or nme fluoresced dyes (FD). ITie fluoresced dye is usuaHy present in an an 

35 few molar percent or less of the host material £ind it is sufficient to cause the EL emission to t>e predominantty tfiat of 
tfie fluorescent dye. Using this method, highly efficient EL devices can be constructed. Simultaneously, the cotor d the 
EL devices can be tuned t^ using fluorescent dyes of (Afferent emission wavelengtfis. By using a mixture of fluorescent 
dyes» EL oofor characteristics of the combined spectra of the individual fluorescent dyes are produced. This dopant 
scheme has been described in consider^ details for EL devices In commonly-assigned US-A-4.7G9.292. 

40 [0033] An important relationshq;) for choosing a f foorescent dye as a dopant capable of modifying the hue of light 
emission when presert in a host material is a conrparisonol their bandgappotentid which is defined as the energy dif> 
ference between the htgfiest occupied molecular orbital and tfve towest unoccupied molecular ort>ital of the molecule. 
[0034] Preferred host materials for the emissive layer of the orgarifo EL device disctosed in this inventfon are metal 
chelated oxinoid compounds, including chelates of ame itself (also commonly referred to as 8-quinolinoi or 8-hydroxy- 

45 quinoline or AkO- Another dass of preferred host materials is mix ligand 8-quMinolato aluminum chelates whk^h have 
been disclosed in US-A-5.1 41 ,671 . Another dass of prefen-ed host materials is (fistrylstibene derivatives as disdosed 
inUS-A-5,366.811. 

[0035] For eff ident energy transfer from the host to the dopant molecule* a necessary condition is tfiat the b&nti gap 
of the dopant is smaller than that of the host material. Perferred fluorescent dyes used as the dopant in the emissive 
so l^er include coumarins, stalbenes. distrylstilbenes. derivatives of anthracene, tetracene, perytenes, rhodamines. and 
aryiamines 

[0036] The molecidar structures of the preferred fluorescent dyes for the emissive layer in the EL device are listed 
asfolfows: 
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FD4 




FD5 




FD6 R = H 
FD7 R = Me 



P 



FD8 X = 0,r1 =R2 = Alkyl 
FD9 X = S,r1 =R2 = AlkyI 
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CN 
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FDIO 



R = Ph 



FDll 



R = Me 
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FD12 



R = t-Bu 



FD13 



R = Mesityl 
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[0037] Preferred materials for use in forming the electron transporting layer of the organic EL device are metal 
chelated codnoid compoimds, including chelates of codne itself (also commonly referred to as &<iuinolinol or 8-hydroxy- 
quinoline). Representative compounds are 8-hydroquinoline of the groip III mietals such as Al, In, Mg; and of the groi4> 
25 1 1 metals such as Mg, Zn; and of the group I metal such as Li. 

[0038] Preferred materials for use in forming the anode of the EL device of this invention are indium tin o»de an 
anode modified with ftuorocartx>ns. ^ 
[0039] Preferred materials for use in forming the cathode of the EL devices of this invention are Mg, Li. or alloys of 
these materials as disclosed in US-A-5.429,884; and commonly-assigned US-A-5,776,622. 



[0040] The invention and its advantages are further illustrated by the specific examples as follows: 
3S Example 1 ■ Synthesis of 3L5^diphenyl)t> romobenzenfl 

[0041] To a solution of 1 3>5-trit>ronx)benzene (60.0 g. 0.19 mol) in 300 mL of dry tetrahydrofuran (THF) was added 
0.5 g of bis-(triphenylphosphine)-paIladium(ll) chtoride under nitrogen. After the solution was purged with dry nitrogen 
for 5 minutes. 1 75 ntLclphenylmagnesium chloride (2.0 M in THH was added throu^ 
40 perature under nitrogen. The reaction mixture was stirred overnight. Then it was quenched by slowly adding 50 mL of 
0.5 N HQ with stirring. The solvents were removed via a rotary evaporator. The residue was dissolved in heptane and 
washed with 0.1 M HO fdlcwed by wat^. After renxyval of solvents, crude residues were purified by chromatography 
on silica gel using 3% methanol in dichloromethane as eluents. After drying. 18.0 g of pure 3.5-(diphenyObromoben- 
zene was collected, yiekfing 30.0%. 



BamPl^a ■ Synthesis off aiOKtt-(3.5-diDhenvnDhenvl anthracene (Compound 14) 

[0042] To a suspension of 6.5 g (0.02 moQ of 9. lO-dibromoanthracene and 0.5 g of bis-(triphenylphospNne)-paila- 
dium(ll) chtoride in 100 mL of dry THF at refluxing was added a solution of 3,5-(diphenyl)phenylmagnesium bromide; 

so which was freshly prepared from 1 5.5 g (0.05 mol) of 3.5-(dphenyl)bromobenzene in 1 50 mL of dry THF and 1 .5 g mag- 
nesium in 30 mL of dry THF with 1 .2'dibromoethane as an initiator. After addition, the reaction mixture was maintained 
at reflux for three hours. Then it was cooled and 30 mL of water was carefdiy added. After renx>vai of the solvents by 
vacuum rotary evaporatn-. the residue ¥vas extracted by cfichtoromethane followed by washing with dilute hydrochloric 
acid and water. The cBchlomethane solution was dried over sodium sulfate and passed it through siGca gel cduma The 

55 solvents were removed. The pure 9.10Kfi-(3\5'<liphenyl)phenyl anthracene (Conpound 14) (9.5 g) was obtained by 
recrystallization from hexana Yield 75.0 %. 
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Example 3 - Synthesis of 3,5-di-fin-toM)bromobenzene 
[0043] To a solution ol1.3.5-tri)romobenzene(473g.O 

0.5 g of biSr(tripheny43hosphineH>anad[ij^ chloride under ratrogen. After the solution was degassed with dry nitro- 
gen for 5 minutes. 155 mL of m-tolyt magnesium bromide (0.2 M in THF) was added through an addition funnel at 70 
""C under nitrogen. The reaction mixture was stirred under reltux for another two hours after additioa After cooling the 
reaction mixture was quenched by slowly adding 50 mL of 0.5 N HCI with stirring. Then the solvents were removed via 
a rotary evaporator. The residue was dissolved in hexane and washed with 0.1 M HCI followed by water. Alter removing 
the solvent the crude residue was purified by chromatography on silica gel using hexane as the eluent. After drying, 
28.0 g of, 3,&<fi-m-tolyl bromobenzene was collected. Yield 55.3%. 

Example 4 ■ Synthesis of 9.1MI-fy.y-m- tohfnphemfl anthracene fCompound 201 

[p044] To a suspension of 6.5 g (0.02 moO of aiO^ibromoanthracene and 0.5 g of bis-(triphenylphospNne)-palla- 
dium(ll) chloride in 100 mL of dry THF at refluxing was added to a solution of 3,5<di(nvtoly1)phenylmagnesium bromide, 
which was freshely prepared from 1 5.5 g (0.046 moQ of 3,5<l-(rTHolyObromobenzene in 1 50 mL of dry THF and dean, 
dry 1 .5 g magnesium in 30 mL of dry THF with 1 .2<libromoethane as an initiator. After the addition, the reaction mixture 
was Kept at reflux for another three hours. Then the reaction mixture was cooled and 30 mL of water was carefully 
added After renioval of the solvents by a rotary evaporator, the residue was extracted b^ 

washing with dilute hydrochloric add and water. The dichlomethane sdution was dried over sodium sulfate and passed 
through a silica gel column. The pure 9.10-(fi-<3'.5'-nrhtolyl)-phenyl anthracene (compound 20) (1 1.5 g) was obtained by 
recrystalli2ation from 300 mL of hexane. Yield 76.8%. 

Example 5 ■ Synthesis of 3>S-f1-naphtfiynbrofnobenzene 

[0045] To a solution of 1,3,5-tribromoben2ene (105.0 g. 0.22 mol) in 500 mL of dry tetrahydrofuran (THF) was 
added 1.0 g of bis-(triphenylpho6phine)-palladium(ll) chloride under nitrogen. After the solution was bubbled with dry 
nitrogen for 5 minutes, 1-naphthylmagnesium bromide, which ms prepared fifom 150.0 g (0.48 moQ of 1-bromonaph- 
thalene in 100.0 mL of dry THF and dean, dry 18.0 g of magnesium in 250 mL of dry THF wHh 1 ,2-dibromoethane as 
an initiator, was added through an addition funnel at 70 ^'C under nitrogen. The reaction mixture was stirred under reflux 
for another two hours. After the re»:tion mixture was cooled, it was quenched by slowly adding 25.0 mL of 5% HCt with 
stirring. Then the solvents were removed via a rotary evaporator. The residue was d^sdved in dichloromethane and 
washed with 0.1 M HQ followed by water. After renrwval of solvents, the crude residue was purified by crystallizing from 
heptana A 57.0g of pun-e 3,5<li(1-naphthyl) bromobenzene was cdlected. Yield 63.5%. 

Example 6 - Synthesis of 9.10-di-r(3,5-(lHnaphthvl)-phenY»-anthracene (Compound 2H 

[0046] To a suspension of 6.7 g (0.02 md) of aiO^libromoanthracene and 0.3 g of bis-(triphenylphosphine)-palla- 
dium(ll) chloride in 150 mL of dry THF heated at refluxing was added to a solution of 3,MiH[1-riaphthyl)pheriylmagn&- 
slum bromide, which was fresNy prepared from 18.4 g of (0.045 md) of 3,5<li-(1-naphthyl)- bn>nrK)benzene in 150 mL 
of dry THF and dean, dry 1 .5 g of magnesium in 30 mL of dry THF with 1 ,2-dibromoethane as an initiator. After the 
addition, the reaction mixture was kept at reflux for another three hours. Then the reaction mixture was cooled and 30 
mL of 0.5% HCI was carefully added. After renxival of the solvents by vacuum rotary evaporator, the residue was tittered 
and washed by water, 1 :1 water lacetone, and fdlowed by a minimum amount of dichlom^hana After drying, the pure 
9,10-bis-[3',5'-(1-naphthyl)phenyq anthracene (Compound 21) (12.5 g) was obtained. Yield 74.0%. 

Example 7 - Synthesis of 2-naphthyiene bofpnic add 

[0047] A sdution of n-BuLi (1 .6 M in hexane, 100 mL, 0.16 md) was added via an addtion funnd to 2-bromonaph- 
thalene (30.0 g, 0.14 md) in 200 mL of dry TMF at -78 ""C. The yellow suspension was stirred at this temperature for a 
half hour, a solution of B(0Me)3 (26.6 mL, 29.1 g, 0.28 md) In 150 mL of dry THF was added dropwise, with the tem- 
perature kept below -60 ^^C. The resulting cdoriess sdution was allowed to wann to room temperature overnight then 
300 mL of 10 M HQ was added and the mixture stirred for a further one hour under nitrogen. Water and ether were 
added, and the aqueous layer was extracted several times wrtti ether. Thecomkxned organic extracts were dried over 
MgS04 and evaporated under reduced pressure to yield a white sdid (21 .0 g, 95%), which was used in the coupfing 
reaction witfiout furlfier purification. 
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Example 8 - Synthesis of aiMK2-raphthvnaaTthracene (Compound 26) 

[0048] Pd(PPh3)4 (1 .0 g. 0.8 mmol) and 300 mL of 2.0 M aqueous Na2C0d were added to a eolulion of 9. 1 0-dbro- 
moanthracene (34.0 g, 0.1 mof) and 2-naph1fiylene boronic acid ( 40.0 g, 0.232 moQ in 600 mL of toluene and 100 mL 
5 of ethanol. Ttie reaction mixture was purged with nitrogen lor 10 mm. After reftuxing under nitrogen overnight, the 
organic suspension layer was separated while hot and ws& added 300 mL of 2.0 N HCI and ref luxed for one hour with 
vigorous stirring. The aqueous layer was separated again while hot followed by washing with water three times until pH 
is about 7. The precipitates from the organic layer was filtered and washed with small amount of cold acetone followed 
by toluena After dry^. 34.0 g of pure 9,10Kfi-(2-naphthyl)anthracene (compound 26) was obtained. Yield 80.0%. 

w 

Example 9 - Synthesis of 9,ia<lhl2-f6-methoxynaphthynTanthracene ^compound 43) 

[0049] To a suspension of 22.0 g (0.09 moQ of 9.10^ibromoanthraoene and 0.75 g of bis(triphenylpho6phine)pal- 
ladium(ll) chloride in 200 mL of dry T1HF at reflux was added a solution of 6-methoxy 2-naphttiylmagnesium bromide. 

15 which was fresh by prepared from 50.0 g (0.21 1 moO of 6-methQxy 2-bromonaphthylene in 400 mL of dry THF and 5.6 
g of magnesium in 100 mL of dry THF with 1 ,2-dibromoethane as an initiator. After addition^ the reaction mixture was 
maintained at reflux for three hours. Then it was cooled and 100 mL of THF and 50 mL of 15% hydrochloric add was 
carefully added. After removal of the solvents by vacuum rotary evaporator, the residue was f iftered and washed with 
water until pH s 7. The crude product was refluxed in 500 mL of dichloromethane for one hour. After cooling, it was fO- 

20 tared and washed with a small amount of cold acetone to give 34.0 g of pure 9.10-di-p-(&-methoxynaphthyl)]anthra- 
cene (Compound 43). Yield 77.1 %. 

EL device fabrication and performance 

25 Examples 10 to 16 

[0050] EL devices of this Invention were constructed in ttie following manner. The organic EL medium has an 
anode, a hole transport layer, an emissive and electron transport layer, and a cathoda The substrate was glass. 

30 a) The anode was a conductive indium^n-oxide (ITO) coated on a glass substrate. It was about 1000 Angstroms 
ttiick. The ITO glass was cleaned using a commercial glass plate cleaner. Prior to the deposition of the organic lay- 
ers, the ITO sut>strate was sut>jected to an oxygen plasma dean in a commercial etcher, 
b) A hole transport layer about was deposited onto the ITO substrate by vacuum vapor deposition using a tantalum 
boat source. The layer thickness was about 600 Angstroms. 

35 c) An eleclron-transport and emissive layer was deposited on top of the hole transport layer by vacuum vapor dep- 
osition using a tantalum boat source. The layer thickness was about 700 An^troms. 

d) A cathode layer was deposited on top of the electron trarisport and emissive layer. The layer thickness was atxHJt 
2000 Angstrorns and the atornic composition of the cathode was about 10 parts rragne^^ part silver. 

40 [0051] The above deposition sequence was cornpieted in a single sequence without a vacuum br 

deposition of individual layers. The conrpleted EL device was then sealed with a cover glass plate in a dry g^^ 
protection against amk>ierTt environment A desiccant material was also include in the sealed package to improve ttie 
storage life of the EL device. 

[0052] The results of the EL devk:es from examples 10 to 16 are shown in Table I. Example 10 is a comparative 
45 exanrpla Compound 3 used in this exarrple is an arylarnne.^^ 

EL device were substantially bwer in comparison with the EL devk^es of Examples 11-16. which used aromatic fi^o- 
cart)onsasthe hole transport layer. An elfidency gain on the order ol 30 to 40% has been realized by usin^ 
hydrocarbon as the hole transport layer. 

50 

Table I 





Hole transport 
layer 


Electron trans- 
port and emis- 
sive layer 


Applied Voltage 
(V) 


Brightness 
(cd/m2) 


Efficiency (cd/A) 


Cotor 


Example 10 


Compound3 


Ak) 


7.5 


578 


2:9 


Green 


Example 11 


Compound 26 


Ak? 


6.3 


855 


4.2 


Green 
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'Mie I (continued) 





Hole tTBiYSport 
layer 


Bedron trans- 
port and emis- 
8ive layer 


Applied Vbltage 
00 


Brightness 
(0dATi2) 


Effictency(od/A) 


CokN- 


Exainplelz 


Compound 9 


Alq 


8.6 


628 


3.14 


Green 


ExanrplelS 


Compound 20 


Alq 


8.9 


929 


4.65 


Green 


Example 14 


Compound 21 


Alq 


10.7 


877 




Green 


Example 15 


Compound 39 


Alq 


8.6 


820 


4.10 


Gre^ 


Example 16 


Compound 43 


Alg 


8.5 


879 


4.39 


Green 



Examples 17 to 22 



[(QOSSl EL devices of this invention were constructed in a manner similar to Examples 10-16. The organic EL 
medium has an anode, a hole transport layer, an emissive layer, an electron-transport layer, and a cathoda The sub- 
strate was glass. 

a) The anode was a conductive indlum-ta'n-axide (ITO) coated on a glass substrate. It was about 1000 Angstrom 
thick. The ITO glass was cleaned using a commercial glass plate deaner. Prior to the deposition of the organic lay- 
ers, the ITO substrate was sutsjected to an oxygen plasma dean in a commerdai etcher. 

b) A hole transport layer about was deposited onto the ITO substrate by vacuum vapa deposition using a tantalum 
boat sourca The layer thickness was about 600 Angstroms. 

c) An emtesive layer was deposited on top of the hole transport layer by vacuum vapor deposition using a tantalum 
boat source. The layer thickness was about 350 Angstroms. 

d) An electron transport layer was deposited on top of the emissive layer by vacmim vapor depositkm using a tan- 
talum boat source. The layer thickness was about 350 Angstroms. 

e) A cathode layer was deposited on top of the electrontransportlayer.Thelayerthickriess wasaboiit2000 Ang- 
stronris and the atomx: composition of the calhode was about 10 pail^ 

[0054] The atx)ve deposition sequence was completed in a single sequence without a vacuum t>reak between the 
depositkm of individual layers. The completed EL device was then sealed with a cover glass plate in a dry gksve box for 
protectk>n against ambient environment A deskxant material was also include in the sealed package to improve the 
storage life of the EL deme. 

[OOSSl The results of the EL devices from examples 17 to 22 are shown in Table II. Example 17 is a comparative 
example using an arytamine (Compound 3) as the hde transport layer. The light output and lurranois efftdency 
obtained from this EL were substantially lower in comparison with the EL device of Example 18, whch used an aromatk: 
hydrocartx>n of Compound 26 as the hole transport layer Instead cf an arylarnin&Othenivisa both ELdevnes have an 
kJentical stnjctwa An eff kaency gain of 34% has been realized in using the aromatic hydrocarbon as the hole transport 
layer. Example 21 is another coriparative example using an arylamine(Confpound 3) as th^^ 
red light (Hitput and luminous eff idency obtained from this EL were substantially kiwer in comparison with tfie EL de^ 
of Example 22, whk;h used an aromatic hydrocartxm Compound 26 as the hole transport layer instead of an arylamine. 
Othenwise. both EL devices have an kJentical structura An eff idency gain of 80% fias been realized In using the aro- 
matic hydrocarbon as the hole transport layer. 



Table II 



Exanrples 


Hole trans- 
portlier 


Doped emis- 
sive layer 


Electron 
transport 
layer 


Applied Vblt- 
age 00 


Brightness 

{cd/m2)@ 

20 
mA/cmA2 


Effkaency 
cd/A 


Emitting 
Light 


Example 17 


Compound 
3 


Ak| + 1%FD 
9 


Alq 


6.9 


2219 


11.1 


Green 


Example 18 


Compound 
26 


Afc| + 1%FD 
9 




6.5 


2994 


14.9 


Green 
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JaUe II (continued) 



5 


Examples 


Hole trans- 
port layer 


Doped emis- 
sive layer 


Bectron 
transport 
layer 


Applied Vblt- 
age(V) 


Brightness 
(od/m2)@ 

20 
mA/cmA2 


Efficiency 
Gd/A 


Emitting 
Ught 




Example 19 


Compound 
21 


Alq + 1%FD 
9 


Alq 


8.3 


3133 


15.6 


Green 


10 


Example 20 


Compound 
43 


Alq + 1% FD 
9 


Alq 


8.5 


2848 


14.24 


G^een 




Example 21 


Compound 
3 


Alq+1%FD 
13 


Alq 


7.9 


439 


220 


Red 


IS 


Example 22 


Compound 
26 


Alq4.1%FD 
13 


Alq 


7.7 


791 


3.90 


Red 



PARTS UST 



20 [0056] 

10 sut)strate 

20 anode 

30 hole transport layer 

40 electron transport layer 

50 aganic EL medium 

60 cathode 

100 sut)strate 

200 anode 

300 hole transport layer 

400 emissive layer 

500 electron transport layer 

600 EL medium 

700 cathode 

aalms 



1 . An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 

40 a hole transport layer; arxJ 

an electron transport layer disposed in operative relationship with the hole transport l^er; 
wherein: 

the hole transport layer includes an organic compourxi having the tomnula: 



45 




wherein: 

sU3stituents R\ R^. and are each indvidually hydrogen, or alkyl of from 1 to 24 cartxm atoms; aryl or 
ss 8uK)6tituted aryl of from 5 to 20 cart)on atoms; or heteroaryl or 8ut>stituted heteroaryl of from 5 to 24 cartxm 

atoms; or fluorine, chlorine, bromine; or cyano group. 

2. An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 
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a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formula: 



r3 




Wherein: 

8ut)6tituenls R\ R^. and are each incfividually hydrogen, or alkyi of from 1 to 24 cart)on atoms; aryl dr 
sut)6tituted aryl of from 5 to 20 cartm atoms; or heteroaryl or substituted heteroaryl of from 5 to 24 cartx)n 
atoms; or fluorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent detnce including an anode and cathode, and comprising therel>etween: 

a hole transport layer; and 

an electron transport layer disposed in operalive relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formula: 




wherein: 

substituenis R\ R^. R^, R^, R^ and R^ are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms; 
aryl or substituted aryl of from 5 to 20 caftx>n atorns; or hetmaryl or sut>^^ 
bon atoms; or fluorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formula: 
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r3 




wherein: 

substHuents R\ R^. and R^. are each indhndually hydrogea or alkyi of from 1 to 24 carbon atoms; aryl or 
subatttuted aryl of from 5 to ,20 cartxm atoms; or lieteroaryl or substrtuted heteroaryl of from 5 to 24 cartm 
atoms; or ftuorine. chlorine, bromine; or cyano group. 

An organic muWl^er electroluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formida: 




wherein: 

subGtituents R\ R^, R^ and R^ are each individually hydrogen, or alkyI of from 1 to 24 cartxm atoms; aryl or 
substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryl cf from 5 to 24 carbon 
atoms; or fluorine, chlorine; bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, aixl corrprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationsNp with the h^ 
wherein: 

the hole transport layer includes an organic compound having the formula: 



ZT 



EP1009044A2 



r3 




wherein: 

substituenis R\ R^, R^, and are each iiKJivkliiafly hydrogen, or alkyi of from 1 to 24 caftx>n atoms; aryl 
or substituted aryl of from 5 to 20 caibon atoms; or helero^ 
atoms; or fluorine, chlorine, txomine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode^ and comprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic oorrpound having the formula: 




r5 



wherein: 

sut)stituents R\ R^. R^ , R^ and R^ are each individually hydrogen, oralkyiof from 1 to 24 cartx)n atoms; aryl 
or substituted aryl of from 5 to 20 cartx)n atoms; or heteroaryl or sut)stituted heteroaryl of from 5to24 cartxxi 
atoms; or fluorine, chlorine, bromine; or cyano group. 

An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic corrpound having the formula: 



EP1009044A2 



r3 




wherein: 

sitetrtuents R\ R^. R^. and are each irKiividually hydrogen, or alkyi of fro^ to 24 carbon atoms; aryl 
or substituted aryl of from 5 to 20 cartx>n atoms; or heteroaryl or 8^ 
atoms; or fluorine, chlorine, bronvne; or cyano group. 

a An organic mi^'l^ electioluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; wherein: 
the hole transport layer inchjdes an organic compound having the fonmla: 




r5 



wherein: 

substituents R\ R^, R^. R^ and R^ are each individually hydrogen, or alkyi of from 1 to 24 carbon atoms; aryl 
or substituted aryl of from 5 to 20 cartxxi atonns; or heteroaryl or su^ 
atoms; or fluorine, chlorine, bromine; or cyano group. 

10. An organic muHitayer electroluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic compound having the formula: 



EP1009044A2 



r3 




wherein: 

substituenis R\ R^. and are each individually hydrogen, or alKyl of from 1 to 24 carbon atoms; aryl or 
substituted aryl of from 5 to 20 carbon atoms; or heteroaryl or substituted heteroaryi of from 5 to 24 cartxm 
atoms; or fluorine, chlorine, bromine; or cyano groypi 

11. An organic multilayer electroluminescent device including an anode and cathode, and comprising therebetween: 

a hole transport layer; and 

an electron transport layer disposed in operative relationship with the hole transport layer; 
wherein: 

the hole transport layer includes an organic oonpound having the formula: 



r3 




wherem: 

substituents R\ R^, R^ arid R^ are each incfividually hydrogen, or aDcyl of from 1 to 24 cartxxi atoms; £iryt or 
sut)stituted aryl of from 5 to 20 carbon atoms; or heteroaryl or sut)6tituted heteroaryl of from 5 to 24 cartxxi 
atoms; or fluorme. chlorine, bromine; or cyano group. 
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